Objective: The aim of the present study is to assess the prevalence of second primary tumors in patients treated for thyroid cancer. Furthermore, we wanted to assess the standardized risk rates for all second primary tumors, but especially for breast cancer, as data in the literature indicate an excessive risk in differentiated thyroid cancer (DTC) patients for this tumor. Materials and methods: We included consecutive patients, who received ablation treatment with I-131 at the Leiden University Medical Center between January 1985 and December 1999 (nZ282). The mean period of follow-up was 10.6G4.1 years. Results: Thirty-five of the 282 patients (12.4%) had a second primary tumor (SPT), either preceding or following the diagnosis of thyroid cancer. Five other patients had three primary tumors, including DTC. As a result, 40 additional tumors were found in this group, revealing an overall prevalence of 14.2%. Twenty tumors (7.1%) preceded the thyroid cancer with a mean interval of 5.7 years (range: 0.5-22.0 years), whereas 20 tumors (7.1%) occurred after this tumor with a mean interval of 6.7 years (range: 1.0-15.0 years). In 13 female patients, breast cancer was found as SPT. The standardized incidence rate (SIR) for all cancers after the diagnosis of DTC in this study population was not increased (1.13; confidence interval (CI): 0.68-1.69). However, we found an increased SIR of 2.26 (CI: 1.60-3.03) for all cancers either following or preceding DTC, which is mainly caused by a SIR of 3.95 (CI: 2.06-6.45) for breast cancer. Conclusion: Patients with DTC have an overall increased standardized incidence rate for second primary tumors, but not for second primary tumors following I-131 therapy. These findings suggest a common etiologic and/or genetic mechanism instead of a causal relation.
Introduction
Differentiated thyroid cancer (DTC) is the most frequent endocrine gland malignancy accounting for approximately 0.5-1.5% of all malignancies. The overall survival rate is high and currently even close to 99% in papillary carcinomas (10, 22) . The standard treatment for DTC is a (near-) total thyroidectomy followed by ablation therapy using high doses of radioiodine-131 (I-131), except in small papillary thyroid cancer or minimal invasive follicular carcinomas. Although many reports have focused on the relationship between I-131 administration and the occurrence of second primary tumors, some studies found (e.g. 19) a relationship between I-131 administration and the occurrence of bone and soft tissue, colorectal and salivary gland cancers. Other studies reported an overall increased incidence of breast and kidney cancer among women treated for thyroid cancer, but this was not related to the exposure of I-131 (6, 20, 23) .
The aim of the present study is to assess the prevalence of second primary tumors in patients treated for thyroid cancer using an uptake-related ablation strategy. Furthermore, we wanted to assess the standardized risk rates for all second primary tumors, but especially for breast cancer, as data in literature indicate an excessive risk in DTC patients for this tumor.
In addition, malignancies preceding the diagnosis of DTC were recorded. However, in situ and basal cell carcinomas were excluded. All information with respect to malignancies was obtained from the medical records as well as from the central hospital registration system for malignancies. This oncology documentation system, the ONCDOC, gathers information about tumors, followup, recurrences, second primaries, therapeutic interventions, survival, etc. To define the extent of thyroid carcinomas, the sixth edition of the tumour, node, metastasis (TNM) staging was used.
The ratio of the observed (O) numbers to the expected (E) number (i.e. the standardized incidence ratio; SIR) was computed using cancer incidence data from the general population. These specific incidence rates were derived from the Dutch national cancer registry (www.ikcnet.nl) by gender, 5-and 15-year age groups and were multiplied by the accumulated person-years in the study cohort to estimate the expected number of cancer cases.
Radioiodine treatment
The mean interval between a thyroidectomy and the ablative treatment in the present population was 5.4G 4.0 weeks. During this interval, patients did not receive any thyroid hormone supplementation with the aim of increasing the thyroid-stimulating hormone levels. All patients treated from 1992 were put on a low-iodine diet that started 4 days prior to ablation to facilitate an optimal uptake of I-131 in the thyroid remnant. Before 1992, lowiodine diets were not routinely prescribed (15) .
The ablation dose of I-131 was determined by the 24-h I-131 pre-treatment uptake value in the neck region. Therefore, patients received 40 MBq of I-131 orally, which was followed by planar scintigraphy of the neck region 24 h later. Uptake values less than 5%, between 5 and 10%, and values more than 10% were followed by 2800, 1850, and 1100 MBq of I-131 in one dose respectively. The rationale of this uptake-related approach is to avoid unnecessary exposure and local radioiodine side effects (25) .
Results

Clinical characteristics
Overall, we treated 282 patients, 219 female, and 63 male (age 47.5G17.5 years). During long-term followup, 64 patients died. The mean period of follow-up was 10.6G4.1 years. Tumor characteristics are presented in Table 1 , demonstrating that T2, N0 tumor stage and papillary thyroid cancer were most frequently observed.
The mean 24-h I-131 uptake was 6.3G7.7%. The mean ablation dose given was 2616G1103 MBq of I-131, whereas the overall cumulative dose given ranged from 1100 MBq up to 49 GBq (mean: 7657 MBq) of I-131.
Additional tumors
Overall, 35 patients (12.4%) had a second primary tumor either preceding or following the thyroid cancer (see Table 2 ). Five other patients had three primary tumors, including DTC, according to the medical files. As a result, in 40 patients additional tumors were found in this group, revealing an overall prevalence of 14.2%: 20 tumors (7.1%) preceded the thyroid cancer with a mean interval of 5.7 years (range: 0.5-22.0 years) and 20 tumors (7.1%) occurred after this tumor with a mean interval of 6.7 years (range: 1.0-15.0 years). In 13 out of 219 female patients (5.9%), breast cancer was documented. Regarding the mean period of follow-up of 10.6 years, we found an overall prevalence of 0.67% of second primaries per year following DTC and 0.5% per year when excluding breast cancer. Finally, the total follow-up years, defined as the mean period of follow-up times the number of patients studied, was 2989 years. Regarding this parameter, it resulted in an overall prevalence for second primaries following DTC of 0.0024 and 0.0018% per person follow-up year with and without breast cancer respectively.
In Table 3 , the standardized incidence ratios are described. The SIR of second primary tumor (SPT), following treatment of thyroid cancer was not increased (1.13; 95% CI: 0.68-1.69). However, the SIR of all SPT, i.e. including all cancers occurring before as well after the diagnosis of DTC, was increased (2.26; 95% confidence interval (CI): 1.60-3.03). This was mainly due to an increased incidence of breast cancer (SIR 3.29; 95% CI: 2.06-6.45). T-stage, tumor stage; N-stage, node stage; M-stage, metastasis stage.
Discussion
Patients with DTC have a very good prognosis, which is achieved by surgery and postoperative ablation with I-131 therapy. Our data indicate that this treatment is not associated with increased incidence of malignancies following treatment of DTC. However, the data indicate that there is an increased incidence of second primary tumors in thyroid cancer patients if we consider their lifetime risks for cancer, especially of breast cancer.
Regarding the incidence and prevalence of SPT in general, an 1/3 rule has been hypothesized, which means that approximately 33% of the patients with a malignancy will develop an SPT, 33% of these patients with an SPT a third malignancy, and so on (17) . A welldescribed phenomenon, in this respect, is the field cancerization concept, which states that organ systems exposed to the same carcinogenic agents have a greater chance of transforming into a malignancy. One of the most striking examples of this concept is the combination of head and neck cancer with lung malignancies (8) . Another explanation for SPT may be the presence of a genetic base for multiorgan cancer (7) . These authors studied a multiorgan cancer susceptibility gene, the CHEK2 protein, in 4008 cancer cases and 4000 controls. This CHEK2 protein participates in the DNA damage response in many cell types. The missense variant I157T was associated with an increased risk of breast cancer, colon cancer, kidney cancer, prostate cancer, and thyroid carcinoma. Therefore, the authors concluded that cancers associated with mutations of the CHEK2 gene might be much greater than previously thought.
In some studies, an increased incidence of breast carcinoma has been suggested in women with thyroid carcinoma. Vassilopoulou-Sellin et al. (24) published one of the first studies on this, including 41 686 patients with breast carcinoma and 3662 with thyroid carcinoma, which were retrospectively analyzed. Among 18 931 women with a diagnosis of breast carcinoma, 11 developed DTC more than 2 years after the initial diagnosis of breast cancer. The observed incidence of DTC was not different from that in a similar group of women without breast cancer. Among 1013 women with a diagnosis of thyroid carcinoma, 24 developed breast cancer more than 2 years after the primary tumor. In that group, the observed incidence of breast cancer in women of age 40-49 years was significantly higher than the expected incidence for women in the same age group. However, in a study by Sadetzki et al. (20) , opposite results were observed. This group found an overall significant elevated risk for DTC following breast cancer in 49 207 female studied. The observed number of cases of DTC after breast cancer was 59, revealing a standardized incidence ratio of 1.34 (95% CI: 1.03-1.72), as the expected number of cases was 43. This ratio was 1.07 for breast cancer following DTC. In addition, the authors concluded that considering the long latency required for carcinogenesis and the excess risk of SPT soon after the index tumor argues against the hypothesis of primary tumor treatment as initiator. The authors suggested that early exposure to common risk factors or genetic susceptibility for both malignancies to be plausible. Cengiz et al. (6) observed an increased frequency of thyroid pathology in breast cancer patients compared with controls, but it has to be realized that the high percentage of thyroid disorders in that study might be related to the fact that Turkey is an endemic region for thyroid diseases. In a study by Simon et al. (23) , only women with a history of thyroid cancer were found to have an increased risk, but this was restricted to parous women. The overall odds ratio in this respect was 3.5 (95% CI: 1.5-8.1). However, they concluded that, despite the increased incidence, there was no association between thyroid cancer treatment and the risk on breast cancer. Finally, Pal et al. (14) performed a study on double primary cancers of the breast and thyroid in women and assessed a molecular and genetic base. Their data did not support the hypothesis that a significant proportion of double primary cancers are due to hereditary factors. In the present study, we found a standardized incidence ratio of 1.52 (95% CI: 0.46-3.18) for breast cancer comparable with the data published by Berthe et al. (4) . Moreover, an increased overall incidence (the SIR increases up to 3.95 (95% CI: 2.06-6.45)) for breast cancer in thyroid cancer patients was observed, when taking also the tumors preceding DTC into account. Based on data in literature, it is highly unlikely that ionizing radiation is involved in the genesis of breast cancer in DTC patients. Genetic predisposition and probably environmental factors seem to be a better explanation for the coincidence, as at least half of the breast tumors appear before treatment with I-131 for DTC.
A relation between the total dose of I-131 and SPT has been reported for solid cancers and leukemias with increasing cumulative activity of the dose administered (19) . The question remains whether this is related to the administration of I-131 solely or also to an increased organ sensitivity for carcinogens in general. Hemminki et al. (11) described an increased risk of cancer by site and histopathology, in which familial risks with SIRs over 4.0 were found for ovary cancer, thyroid cancer, and clear cell carcinoma. For this purpose, they used a nationwide Swedish Family cancer database on 10.2 million individuals and 1 million tumors to calculate SIRs for familial cancers. Their results called for a closer description of tumor-susceptibility genes. It was the group of Fisher, who firstly studied the expression of five gene family members in relation to different cancers (9) . It is beyond the scope of this article to report on these findings in detail, but an important finding was the observation of significantly elevated expression levels of osteopontin in cancer of the breast, ovary, uterus, and thyroid compared with normal tissue levels. In this study, the relative mRNA expression units quantified using ImageQuant for normal tissue and these tumor subtypes were as follows: 18.000 and 54.000 respectively, for normal breast tissue and breast cancer; 14.000 and 70.000 respectively, for normal tissue of the uterus and cancer of the uterus; 20.000 and 126.000 respectively, for normal ovary tissue and ovary cancer; 4.000 and 16.000 respectively, for thyroid tissue and thyroid cancer. Especially, the relation between these glycoproteins and matrix metalloproteinases, critical for the development of wound healing and cancer progression, is suggestive for a common genetic base. Ronckers et al. recently published a large report on thyroid cancer and multiple primary tumors (18) . They studied the risk of thyroid cancer after an earlier primary cancer, as well as the risk of developing multiple cancers after an earlier thyroid cancer in the US, using the cancer registry program of more than 2 million patients. They observed an absolute excess risk for all cancers following DTC of 7.64, which is mainly based on an increased risk for female breast, prostate, and kidney cancer. Breast cancer contributed 36% of all second cancers after DTC. Patients !40 years of age at diagnosis of DTC had a 39% increased risk of a second cancer, whereas for older patients this was 6%. On the other hand, breast cancer patients had a 1.3-fold risk of developing DTC. Several other cancer sites showed significantly increased risks in both directions, including salivary glands, prostate, breast, kidney, scrotum, brain, and leukemia. Although I-131 therapy may play a role in the induction of some of these tumors, the high incidence of tumors preceding DTC suggest etiologic similarities. Finally, Adjadj et al. (1) reported comparable results obtained from 2365 women who were treated for thyroid carcinoma. In this series, 48 women developed subsequent breast carcinoma, revealing an overall SIR of 1.3, but even up to 2.5 for patients treated at an age ranging from 4 to 30 years. The authors did not find a correlation between the high SIR and radiation treatment with I-131, but the co-occurrence may be related to a genetic deregulation, as the H23 gene, which is overexpressed in both DTC and breast cancer. It is still not clear why the gene coding for H23 antigen mRNA is overexpressed in these cancers. As one of its forms is probably a transmembrane receptor-like protein, it may be an element of signal transduction and, therefore, reflect an involvement in cell growth (26, 27) .
Recent reports have focused on malignancies within the scope of certain cancer syndromes. Mutations in MLH1 and MSH2, genes coding for mismatch repair enzymes that are involved in the repair of DNA replication errors, are associated not only with an increased risk of hereditary nonpolyposis colorectal cancer, but also with other malignancies, such as cancer of the stomach, urinary tract, and thyroid. (5, 12, 13) . It may be an explanation for some of the present findings related to thyroid cancer. However, a correlation between MSH2 mutations and breast cancer as SPT in thyroid cancer patients, or vice versa, has never been described. Another gene that is associated with cancer syndromes is the PTEN gene, which is located on chromosome 10q23. This phosphatase suppressor tumor gene downregulates cell survival through apoptosis and/or G1 cell cycle arrest. It is characterized by an increased risk of benign and malignant tumors of the breast, thyroid, and endothelium (2, 3, 16) . Consequently, these studies stress the need to better screen for clonal PTEN rearrangements and gene mutations, especially in DTC patients presenting with second primaries of the breast.
Recently, Sandeep et al. published a large multinational record linkage study on second primary cancers in thyroid cancer patients (21) . The study was conducted at 13 population-based cancer registries in Europe, Canada, Australia, and Singapore and included a cohort of 39.002 patients with primary thyroid cancer. During an observation period of 356.035 person-year, 2821 second primary tumors were observed resulting in an overall SIR of 1.31 (CI: 1.26-1.36). Remarkable increased incidence rates were found for cancer of the oral cavity (SIR: 1.43), small intestine (SIR: 2.11), bone (SIR: 3.62), soft tissue sarcoma (SIR: 3.63), kidney (SIR: 2.33), endocrine glands (SIR: 6.75), lymphoma (SIR: 1.68), and leukemias (SIR: 2.26). The SIR for breast cancer was 1.31, which is definitely lower than present findings. However, this discrepancy can be fully ascribed to the differences in number of patients studied and in period of follow-up. The group of Sandeep et al. also found and increased incidence of second primary thyroid cancer after cancers of the lung, larynx, esophagus, and salivary gland. Although a relation between initial treatment, such as radiotherapy, for the index tumor and subsequent thyroid cancer may be suggested, the short interval and age of initial treatment do not support this hypothesis. Nevertheless, we fully ascribe their conclusion that clinicians should maintain a high index of suspicion, both for second primaries following treatment for thyroid cancer and for cancer of the thyroid as SPT.
A limitation of our study is the small number of patients included in the database. Patients who received ablation treatment with I-131 at the LUMC between January 1985 and December 1999 were selected for analysis. The mean period of follow-up is more than 10 years, which gives a good estimate of the relative risk and its relation to the induction of SPT. In most other series on this subject, the interval between therapy and the occurrence of a therapy-related SPT is up to 5 years.
In conclusion, we studied the incidence of second primary tumors in relation to DTC and found an overall increased SIR for all cancers, but especially for breast cancer. Despite the relatively small number of patients studied, the present results are highly suggestive for a common etiologic and/or genetic mechanism. In this respect, further study is required, but in agreement with recently published data by others, close clinical followup of thyroid cancer patients may be recommended for the early diagnosis of second primary tumors.
